Abstract: This paper presents relative sea-level curves from Amund and Ellef Ringnes islands, northwest Queen Elizabeth Islands. These curves are of exponential form and record continuous, ongoing Holocene emergence, although northwest Ellef Ringnes Island is experiencing a late Holocene transgression. Isobases drawn on postglacial shorelines rise southeastward towards an uplift centre in Norwegian Bay. These suggest the Ringnes Islands occupied the northwest radius of the Innuitian uplift, which is congruent with glacial geological evidence suggesting parts of the Ringnes Islands were covered by the Late Wisconsinan Innuitian Ice Sheet. The isobases provide a provisional reconstruction of glacioisostatic recovery within the northwest Innuitian uplift. Their pattern supports earlier reconstructions that maximum Late Wisconsinan ice thickness occurred across Norwegian Bay, marking the position of an ice divide, which is consistent with ice-flow features on Amund Ringnes Island. They record the diminishing thickness of the Innuitian Ice Sheet from Norwegian Bay to the Arctic Ocean. The absence of an isobase embayment across the Ringnes Islands suggests a relatively uniform ice load across both islands and Hassel and Massey sounds. Parallel isobases across Peary Channel indicate this ice load extended beyond Massey Sound, although their northward deflection suggests an increasing influence of the former Axel Heiberg Island ice load.
Introduction
Amund and Ellef Ringnes islands lie northwest of the Innuitian uplift, a ridge of glacioisostatic recovery corresponding to the axis of maximum former thickness of the Innuitian Ice Sheet (IIS; cf. Blake 1970; Walcott 1972; Dyke 1998; Dyke and Peltier 2000; Fig. 1) . In a related paper, Atkinson (2003) described ice-flow features and early Holocene deglacial sediments that record the advance, and subsequent retreat, of the northwest sector of the IIS across Amund Ringnes Island and through its adjacent channels (Figs. 1, 2) . However, the glacial geologic record of Amund Ringnes Island provides only a minimum estimate for the extent and thickness of the northwest IIS. Ice-flow features and deglacial landforms on adjacent Ellef Ringnes Island indicate that it supported a local ice cap that retreated from its coast during the early Holocene (Atkinson 2003) . However, it remains uncertain whether this was a fully independent ice cap or simply a late-glacial remnant of northward-flowing Innuitian ice that crossed the island before the breakup of marine-based ice in Hassel Sound and Prince Gustaf Adolf Sea (Fig. 1) .
This paper describes Holocene delevelling of Amund and Ellef Ringnes islands, focussing on the postglacial relative sea-level history following the removal of their Late Wisconsinan ice loads. The objectives of this paper are to (1) determine the form and response times, described with respect to their half-lives, of postglacial relative sea-level curves from sites where chronological control is available; (2) reconstruct the pattern of shoreline delevelling and integrate these data with published work concerning the Innuitian uplift; and (3) assess the implications of these data for former ice sheet configuration across Amund and Ellef Ringnes islands.
Determining the extent and dynamics of the IIS along the polar margin of the Queen Elizabeth Islands (QEI), particularly along axes of enhanced ice flow such as Massey Sound, is important because increased iceberg export from the IIS has implications for glacial sedimentation and climate variability in the Arctic Ocean Basin and North Atlantic during the Late Wisconsinan glacial maximum (cf. Bond and Lotti 1995; Dowdeswell et al. 1995; Bischof et al. 1996; Bischof and Darby 1997; Clark and Stokes 2001; Darby et al. 2002) . The IIS must also be considered as a possible source for streamlined bedforms of enigmatic origin described by Polyak et al. (2001) on the Lomonosov Ridge in the Artic Ocean Basin. Moreover, improvements to geologically based reconstructions of former ice sheet extent and dynamics are critical in resolving the current imbalance between the global estimate of ice volume, expressed as ice-equivalent sea-level lowering at the last glacial maximum, and the sum of present estimates of individual ice-sheet volumes (cf. Lambeck et al. 2000; Clark and Mix 2002) .
Previous research
Previous reconstructions favouring extensive Late Wisconsinan glaciation in the QEI were based largely on the postglacial relative sea-level (RSL) history of the archipelago (Blake 1970; Walcott 1972; Tushingham 1991; Tushingham and Peltier 1991) . However, the geophysical interpretation of this sea-level record in the QEI, which inferred a pan-archipelago ice sheet, was initially challenged due to the lack of supporting glacial geological evidence (cf. England 1976; Boulton 1979; England et al. 1991) . Recent studies have now reconciled the pattern of Holocene emergence throughout the eastern and central QEI with geological evidence of extensive Late Wisconsinan glaciation (Ó Cofaigh 1999; Ó Cofaigh et al. 1999 Ó Cofaigh et al. , 2000 Dyke 1998 Dyke , 1999 England 1998; Bischof and Darby 1999; Lamoureux and England 2000) . These RSL curves exhibit continuous Holocene emergence with the highest shorelines (-140 m asl (above sea level)) occurring along the Innuitian uplift (Blake 1970 (Blake , 1972 Walcott 1972; Dyke 1998; England and Ó Cofaigh 1998; Ó Cofaigh 1999;  Fig. 1 ). The integration of both data sets from Devon Island (Fig. 1) enabled Dyke (1998) to reconstruct glacioisostatic recovery within the southeastern radius of the Innuitian uplift, and infer the distribution of ice loading within that part of the IIS by inverting Holocene RSL data. Dyke (1998) observed that the forms of RSL curves from Devon Island are generally described by the exponential function y = ae bx , where y is elevation (m), x is age (ka), b is the proportionality constant related to mantle viscosity and icesheet size, a is a constant yielding the least-squares fit, and e is the base of natural logarithms. The pattern of isobases drawn on dated, delevelled shorelines exhibits a rise from southeast to northwest towards Norwegian Bay, reinforcing the uplift pattern originally used to propose the IIS (Blake 1970 (Blake , 1972 . The isobases also record the southeastward migration of the Innuitian uplift across Devon Island throughout the Holocene, indicating that maximum Late Wisconsinan ice thickness occurred over the low islands and wide channels of the central QEI (Dyke 1998) . Glacial geologic evidence in this area records divergent ice flow on either side of the uplift axis, reinforcing Dyke's (1998) proposal that in the lowland relief of the central QEI, the Innuitian uplift would coincide with the position of a former ice divide. However, the location of Innuitian divides elsewhere in the QEI does not coincide with the position of the Innuitian uplift (cf. Andrews 1982; Andrews and Peltier 1989) . In the alpine eastern QEI, convergent ice flow from Innuitian divides that encircled Eureka Sound formed an interior basin of maximum former ice thickness, now recorded by the north-south trend of the Innuitian uplift between Ellesmere and Axel Heiberg islands (Ó Cofaigh 1999; Ó Cofaigh et al. 2000; Fig. 1) .
A further finding was that the response times of RSL curves from Devon Island, described with respect to their half-lives (0.693/b), or exponential relaxation times, range from -2 ka near the uplift centre to -1 ka near the margin. These results contradicted an earlier hypothesis that response times for Canadian Arctic RSL curves were uniform (Andrews 1970) . Subsequent research by Dyke and Peltier (2000) demonstrated that this response-time pattern is regionally coherent. This radial gradient of half-lives extending outwards from the former centre of ice sheet loading was explained by relaxation times becoming increased insensitive to mantle viscosity, due to the increased control of lithospheric thickness at sites covered by progressively thinner ice towards the ice sheet margin (Dyke 1998; Dyke and Peltier 2000) . This paper describes the pattern of Holocene emergence in a region where RSL curves have not been previously published and considers what linkages, if any, exist between glacioisostatic adjustments northwest of the Innuitian uplift and the former configuration of the northwest IIS. This reconstruction complements previous studies on the southwest Innuitian uplift, and further clarifies the configuration of the IIS across the QEI.
Study area
Amund and Ellef Ringnes islands occupy the northwest QEI, a lowland (<265 m asl) separating the mountains of Ellesmere and Axel Heiberg islands from the polar continental shelf and adjacent Arctic Ocean Basin (Fig. 2) . The Ringnes Islands are separated by broad, northwest-oriented channels, 200-500 m deep, that contain elongate troughs up to 700 m deep (Horn 1963) . The physiography of the Ringnes Islands is characterized by lowland plains (<60 m asl) accented by scarps of basic igneous intrusions (≤150 m asl), and piercement domes of diapiric gypsum and anhydrite (150-265 m asl; Roots 1963; Balkwill 1983) . The islands lie below the modern glacial equilibrium line altitude (300-400 m asl; Miller et al. 1975) and are therefore ice-free. During the Late Wisconsinan, parts of the Ringnes Islands were overridden by the northwest sector of the IIS (Atkinson 2003) . Erratic dispersal and ice-flow features along eastern Amund Ringnes Island indicate that convergent outflow from Innuitian divides spanning both the eastern and central QEI filled Norwegian Bay and sustained an ice stream (≥440 m thick), which drained northwestward through Massey Sound. The interior of Amund Ringnes Island was overridden by northward-flowing ice from an Innuitian divide that extended westward across the central QEI, in the vicinity of Belcher Channel (Fig. 1) . Whether Ellef Ringnes Island was also overridden by Innuitian ice, or covered by a local ice cap, remains unclear. Deglaciation of the Ringnes Islands was preceded by the breakup of marine-based ice in Massey and Hassel sounds and Prince Gustaf Adolf Sea between 10 and 9 ka BP (Fig. 2) . Following the evacuation of marine-based ice, residual ice caps persisted on Amund and Ellef Ringnes islands and did not begin to retreat inland until 8.9 and 8.6 ka BP, respectively (Atkinson 2003) . This radial retreat is widely recorded by ice-contact and raised marine shorelines that are discussed in this paper.
Methodology and techniques
Throughout Arctic Canada, sites that were heavily ice-loaded during the last glaciation exhibit continuous emergence from marine limit, the highest shoreline along a glacioisostatically depressed coastline (Andrews 1970) . In contrast, for sites proximal to the ice margin, initial emergence is followed by submergence, while sites more distal to the ice margin experience continuous submergence (Quinlan and Beaumont 1981) . The elevation of marine limit and the form of the subsequent RSL curve is a function of the ice thickness, distance from the ice margin, and the age of deglaciation (Andrews 1970; Quinlan and Beaumont 1981; Dyke and Peltier 2000) . Hence, RSL curves are important because they can be used to describe the relaxation process of the crust due to deglaciation, and can also be used to draw isobases on postglacial recovery that portray the effects of glacial unloading and allow inverse modelling of ice-sheet history (Andrews and Peltier 1989; Dyke 1998) . However, because RSL curves include the combined effects of glacial rebound and global eustatic sea-level rise, it is not yet possible to convert RSL curves into uplift curves, because there is no single or unique eustatic correction for hydroisostatic deformation (cf. Andrews and Peltier 1989; Dyke 1998; Dyke and Peltier 2000) .
Marine limit on Amund and Ellef Ringnes islands is often without geomorphic expression, and at several locations, a minimum estimate can only be determined by the highest marine shells. Where marine limit is identifiable, it is recorded either by the highest raised marine delta or beach, or the lowest elevation of undisturbed residuum, marking a former washing limit. Paleoshoreline elevations on the Ringnes Islands were determined by microaltimetry. Measurements were corrected for changes in temperature and pressure and calibrated to a datum of high tide. These elevations are considered accurate to within ±2 m. To determine the age of raised shorelines, shells and driftwood collected from raised marine sediments were submitted for radiocarbon dating by accelerator mass spectrometry.
To avoid possible errors associated with post-stranding displacement of datable materials (principally by sea-ice push and gelifluction; Dyke et al. 1991) , relative sea-level histories are ideally constrained by embedded driftwood and bowhead whale remains because both are buoyant and likely to be stranded on a contemporaneous raised beach. Shells in growth position are equally informative when they can be stratigraphically related to specific paleoshorelines, as when collected in growth position from well-preserved deltas. However, whalebones and deltas were rarely encountered on the Ringnes Islands. Instead, most of the radiocarbon dates were obtained on surface shells, which are difficult to relate to contemporaneous former sea levels. Rather, surface shells provide a maximum age for the paleoshoreline on which they occur and a minimum age for marine limit if they are found below the highest raised shoreline. These data can be used to determine the form of postglacial emergence by assembling data points that must lie on or below the RSL curve, since all molluscs live in some depth of water and hence must fall below contemporaneous sea level. Samples that represent conspicuous data outliers consist of shells that may have lived in water depths of tens of metres, or shells and driftwood that are interpreted to reflect post-stranding displacement or sinking. These data are discussed in the text, but are removed from form and response-time calculations of RSL curves from the Ringnes Islands. The remaining data are fitted by exponential regressions to draw subjective RSL curves from the Ringnes Islands. This paper discusses 36 radiocarbon dates, 16 of which are new. Due to the nonlinear radiocarbon year-calendar year relationship that results from long-term changes in oceanic and atmospheric 14 C content, all radiocarbon dates from the Ringnes Islands are calibrated to calendar years and presented in Table 1 . However, to integrate the Ringnes Islands RSL data with RSL data elsewhere in the QEI (Dyke 1998; Dyke and Peltier 2000) , all ages reported in this paper are quoted in radiocarbon years BP.
Results

Relative sea-level history
Northern Amund Ringnes Island
The highest marine limit on Amund Ringnes Island occurs at Cape Sverre, where whole valves of Hiatella arctica lie on the surface of wave-washed residuum at 106 m asl (sample 1, Fig. 3 ; Table 1 ). A single valve from this site dated 10.1 ka BP and provides a minimum age for the establishment of marine limit, which is taken to be ≥106 m asl. South of Anderson Bay, marine limit is recorded by coarse sand on-lapping bedrock to 87 m asl. Two and a half kilometres farther south, paired valves of Mya truncata, considered to be in growth position at 76 m asl, dated 9.2 ka BP (sample 2, Fig. 3 ; Table 1 ). This date provides a minimum age for the 87 m marine limit. East of Anderson Bay, marine limit is marked by silt draping evaporite outcrops up to 68 m asl (sample 3). Directly downslope, whole valves of M. truncata at 60 m asl dated 8.9 ka BP; this provides a minimum age for the 68 m marine limit. The rate of subsequent emergence of northern Amund Ringnes Island is provided by three radiocarbon-dated samples that lack a clear relationship to their related paleoshorelines. Five kilometres east of Cape Sverre, samples of driftwood collected from the surface of 
Christopher Peninsula, eastern Ellef Ringnes Island
At the mouth of Haakon Fiord, shell fragments lie on the surface of residuum, up to 56 m asl, which is interpreted as marine limit. A single fragment of M. truncata from this surface dated 10.0 ka BP (sample 12, Fig. 3; Table 1 ); which provides a minimum age on this marine limit. Two kilometres farther north, marine limit is defined by a raised beach at 54 m asl, and a fragment of M. truncata collected downslope at 50 m asl dated 10.0 ka BP (sample 13). The similarity of these two shorelines (56 and 54 m asl) and their concordant ages (10 ka BP) suggest that this age closely approximates deglaciation and the establishment of marine limit. The rate of subsequent emergence is constrained by radiocarbon-dated samples from three lower shorelines. At the mouth of Haakon Fiord, fragments of M. truncata on the surface of fine-grained residuum at 47 m asl dated 9.6 ka BP (sample 14); this provides a maximum estimate for a 47 m paleoshoreline. Four kilometres northwest, marine limit at Gypsum Point is recorded by a gravel beach at 48 m asl, where a single, unidentified shell fragment dated 9.8 ka BP (sample 15). Downslope, a valve of M. truncata from silt at 33 m asl dated 8.7 ka BP (sample 16).
Noice Peninsula, western Ellef Ringnes Island
Extensive fans of fine-grained, poorly indurated, seawarddipping sandstone fringe the coast of northern Noice Peninsula, and are likely part of the Eureka Sound Formation (cf. Balkwill 1983) . The sandstone is mantled by a fossiliferous veneer of marine reworked sand that forms a featureless coastal plain extending to a break in slope at 40 m asl. This sand is interpreted to be the product of mixed erosional-depositional regression (cf. Bednarski 1988) derived from the underlying sandstone, and the break in slope is thus considered to mark marine limit. A minimum age for this marine limit is provided by whole valves of H. arctica on the surface of the coastal plain at 26 m asl, which dated 9.4 ka BP (sample 19, Fig. 3 ; Table 1 ). Thirteen kilometres east, the upper limit of similar sand is considered to mark marine limit at 36 m asl. Whole valves of H. arctica at 25 m asl dated 9.2 ka BP, providing a minimum age estimate (sample 20). Four kilometres farther east, sandstone is mantled by raised beaches to 23 m asl, interpreted to be marine limit. A single valve of H. arctica, collected immediately downslope at 15 m asl, dated 7.9 ka BP (sample 21), providing an estimate of minimum age for this marine limit. Two kilometres north, an embedded driftwood log (3 m long) collected above a micro-cliff (<1 m asl) dated 1.4 ka BP (sample 22). Below the micro-cliff, a smaller sample of driftwood collected close to high tide dated 270 years (sample 23).
Malloch Dome, western Ellef Ringnes Island
Malloch Dome is a diapir mantled on its southwest flank by raised beaches up to 46 m asl, which marks local marine limit. A fragment of H. arctica collected from a berm at 42 m asl dated 8.6 ka BP (sample 25a, Fig. 3 All ages calibrated using CALIB4.4 (Stuiver and Reimer 1986-2002) . Table 1 . Holocene radiocarbon dates (see Fig. 3 for sample locations).
from two lower berms suggest that it was established at least 100 years earlier (samples 25b and 25c). Control on the rate of subsequent emergence is provided by berms at 24 and 11 m asl that contain whole valves of various taxa (samples 25d and 25e, respectively). Single valves of H. arctica at 24 m asl and Astarte borealis at 11 m asl dated 7.7 and 3.2 ka BP, respectively.
Relative sea-level curves
The Holocene radiocarbon database available from the Ringnes Islands is presented in Table 1 . These data are used to reconstruct the RSL history of the Ringnes Islands by assembling data points that must lie on or below the RSL curve. The database also includes outliers that poorly constrain the RSL curve, such as spurious samples that lie either well above the curve (e.g., sample 7), or below it, such as old, but low, samples of redeposited shells or driftwood (e.g., samples 4 and 25f) or marine shells living in an unknown depth of water. Consequently, only the curves based on culled data are presented in this section, corresponding to the sample numbers in Fig. 3 .
Beaches or deltas necessary for relating dated samples to their contemporaneous former sea level are poorly developed in the Ringnes Islands, possibly reflecting pervasive, land-fast sea ice and generally arid conditions that produced little runoff. Hence, the RSL assignment of these samples is subjective since the form of the curves is assumed to be generally exponential (cf. Andrews 1970; Andrews and Peltier 1989; Dyke and Peltier 2000) . This assumption may overly simplify postglacial emergence of the Ringnes Islands, which could include other controls on Holocene RSL, including glacial readvances, tectonic adjustments, or forebulge migration. Nevertheless, these data allow generalized reconstructions of glacioisostatic adjustments and former ice-sheet configuration in an area of the northwest QEI for which no other data or regional syntheses exist.
Northern Amund Ringnes Island
The proximity of samples 1, 2, and 3 (Fig. 3) , each related to their respective marine limits, allows them to be used to constrain the form of the emergence curve between 10.1 and 8.9 ka BP (Fig. 4a) . This segment of the curve is well described by the exponential function y = ae bx , with a coeffecient of determination (r 2 ) of 0.99 and an exponential relaxation time (half-life) of 1.8 ka. Although this curve underestimates the RSL assignment of sample 2, its slope is compatible with the elevational range of the RSL attributed to the sample. This curve was not forced through the origin (modern sea level), however its y-axis intercept is close to zero (+2 m asl). The curve provides a minimum slope for the RSL history of northern Amund Ringnes Island, and suggests that marine molluscs (sample 5) were living in -20 m of water, while the driftwood (sample 6) may have either sunk or was displaced -18 m downslope after stranding. A second RSL curve that is forced through these lower samples (samples 5 and 6) is also presented (Fig. 4a) . This curve provides a maximum slope for the RSL history of northern Amund Ringnes Island and approximates (r 2 = 0.92) an exponential curve with half-life of 1.06 ka.
These curves constitute end members for the RSL history of northern Amund Ringnes Island based on available dated shorelines. They indicate continuous emergence of northern Amund Ringnes Island from 10 ka BP to present. However, the curve with the maximum slope underestimates both the elevation and the RSL assignment of shells in growth position (sample 2), thereby erroneously placing these molluscs above sea level at the time of their colonization. Therefore, the form and response time of the minimum curve is favoured. The amount of emergence in the first half-life of the curve is 52 m, with an average emergence rate of 2.9 m/century. However, it is important to note that the sampling area extends for 36 km in the direction of postglacial delevelling (tilting), which increases southwards towards Norwegian Bay. This reduces the quality of the curve more significantly than when the sampling area is extended normal to the direction of tilt (cf. Dyke and Peltier 2000) because coeval shorelines will experience differential emergence, depending on their proximity to the uplift centre. This may explain why the minimum slope, which is largely constrained by samples from northern Amund Ringnes Island, shows the curve passing through sample 2 (the southernmost site) rather than above it, as would be expected with molluscs dating a correlative RSL at a more northern site. Accordingly, it is possible that the half-life of the curve based on the minimum slope could be somewhat shorter (<1.8 ka).
Christopher Peninsula, eastern Ellef Ringnes Island
Five dates are used to constrain the form of the RSL curve from 10.0 to 8.7 ka BP (Fig. 4b) . These data closely approximate (r 2 = 0.98) an exponential curve with a half-life of 1.8 ka (Fig. 4b) . The y-axis intercept of this curve is close to zero (+1 m asl), without being forced through the intercept, and suggests continuous emergence of east-central Ellef Ringnes Island from 10 ka BP to present, although this is untested by data younger than 8.7 ka BP. The amount of emergence within the first half-life was 28 m, at a rate of 1.5 m/century.
Noice Peninsula, western Ellef Ringnes Island
Five dates are used to constrain two RSL curves that bracket the emergence history of west-central Ellef Ringnes Island between 9.2 and 1.4 ka BP (Fig. 4c) . The maximum slope is based on RSL assignments of the uppermost samples that are related to marine limit, and is well described (r 2 = 0.99) by an exponential function with a half-life of 1.25 ka. The minimum slope corresponds to the elevations of the samples rather than their inferred RSLs, and also exhibits a simple exponential decay (r 2 = 0.98) with a half-life of 1.36 ka. However, the minimum slope underestimates the RSL assignment of sample 21, which clearly relates to a marine limit that is 8 m above the sample. Therefore, the form and response time of the maximum slope, which better incorporates the 23 m marine limit, is considered more representative of the RSL history of northern Noice Peninsula. The amount of emergence within the first half-life of this curve was 20 m, at a rate of 1.6 m/century. The juxtaposition of samples 22 and 23, <1 m above sea level, suggests that little net emergence has occurred between 1.4 ka and 270 BP. Sample 22 is driftwood embedded within the low-gradient, vegetated backshore of southeast Deer Bay. It is considered to represent the RSL at the time of its stranding because there is no apparent mechanism for its displacement from upslope sources, and it lies above high tide and the limit of sea-ice push. The form of the maximum slope, which includes the RSL assignment of sample 22, suggests that when sample 23 was stranded 270 BP, its RSL was below modern sea level. Therefore, the present position of sample 23 on a modern intertidal zone suggests that it has been displaced upslope by marine transgression, concomitant with the truncation of the older (1.4 ka BP) shoreline by modern high tide that is currently eroding the adjacent microcliff.
Malloch Dome, western Ellef Ringnes Island
Five dates are used to constrain the form of the RSL curve from 8.8 to 3.2 ka BP (Fig. 4d) . The upper segment of this curve is based on the inferred RSL of samples 25b and 25c that are ascribed to marine limit. These data approximate (r 2 = 0.93) an exponential curve with half-life response time of 2.9 ka and indicates continuous emergence of Malloch Dome since deglaciation. Emergence within the first half-life was 23 m, at a rate of 0.8 m/century. This curve is not as well described by regression expressions as the other curves from the Ringnes Islands, and its rate of emergence and y-axis intercept (+5 m asl) deviate significantly from them.
Postglacial isobases and shoreline delevelling
Time series isobase maps for the Ringnes Islands are based on three curves presented in this paper (Figs. 4a-4c) , as well as published data from Lougheed, Bathurst, Devon, Axel Heiberg, and Ellesmere islands (Hodgson 1981; Lemmen et al. 1994; Dyke 1998; Ó Cofaigh 1999; Morrison 2000; Bednarski 2003; England et al. 2004; Fig. 5) . Since widespread deglaciation of the northwest QEI did not occur until -9.2 ka BP (Atkinson 2003) , the 10 ka BP shoreline can only be defined for the northwest part of the Ringnes Islands. However, shoreline establishment after 9 ka BP permits comparison of all younger shorelines across the region.
Isobases trend NE-SW across Ellef and Amund Ringnes islands, from Prince Gustaf Adolf Sea to Peary Channel, and rise towards an elongate ridge centred on Norwegian Bay (Figs. 1, 5) . East of the Ringnes Islands, isobases curve northward across Massey Sound and Peary Channel, towards northwest Axel Heiberg Island, where Morrison (2000) documented the N-S orientation of the -8.5 ka BP isobase (Fig. 5) .
A 430 km transect of shoreline profiles is drawn across the Ringnes Islands to Dyke's (1998) isobase pattern around Devon Island (A to B, Fig. 5 ). These profiles illustrate an increase in the elevation of delevelled shorelines of all ages from northwest to the southeast (Fig. 6) . At the time of initial deglaciation, these place the uplift axis over Norwegian Bay. Dyke (1998) documented the subsequent southeast migration of this uplift axis towards Devon Island, concomitant with the diminution of all shoreline gradients from 10 ka BP.
The position of the zero isobase in the western archipelago at the onset of deglaciation is estimated by projecting the decreasing gradient of the 10 ka shoreline forward linearly, northwestward from the Ringnes Islands (Figs. 5a, 6 ). This shoreline places the zero isobase on the continental shelf and indicates that the Ringnes Islands were at least 50 km inboard of the margin of the Innuitian uplift at 10 ka BP. Younger shorelines record the migration of the zero isobase -150 km to the southeast, progressing across Isachsen Peninsula to southeast Deer Bay, between 9 and 2 ka BP, at a rate of -19 km/1000 years.
Discussion
Four new RSL curves are presented for the Ringnes Islands. Three of these record exponential crustal relaxation across the region due to early Holocene deglaciation, and indicate continuous, ongoing emergence of northern Amund Ringnes Island and east-central Ellef Ringnes Island. However, the current data indicate that west-central Ellef Ringnes Island has experienced a late Holocene transgression. Despite the limitations of assigning subjective RSLs to some samples based on the assumption that the emergence curve is exponential, the only site where geomorphic evidence suggests a significant fluctuation in Holocene RSL is on Noice Peninsula.
The half-lives of these three curves range from 1.8 ka adjacent to Massey Sound to 1.25 ka at Deer Bay. This pattern is broadly consistent with the half-lives (1.75-1.5 ka adjacent to Massey Sound and 1.5 ka on Noice Peninsula) presented by Dyke and Peltier (2000) . However, despite the similarity in response time of curves bordering Massey Sound, the magnitude of emergence occurring within the first half-life of each curve decreases markedly from northern Amund Ringnes Island (52 m) to Christopher Peninsula (28 m). It is important to note that the timing of initial emergence at both sites is similar (10 ka BP). Therefore, it is unlikely that these differences result from incorrectly comparing the first half-life of the Amund Ringnes Island curve with the second half-life of the Christopher Peninsula curve. Because such differences reflect a diminishing ice load northwest across the Ringnes Islands, these data suggest that the proportionality constant for both curves is uniform since their half-lives do not reflect the apparent differences in the magnitude of the ice load.
The fourth curve from the Ringnes Islands also records continuous, ongoing emergence of Malloch Dome, but its form and response time (2.9 ka) depart significantly from those of the other curves presented in this paper. This may be the result of errors in the measurement, RSL assignment, or interpretation of the Malloch Dome data. Alternatively, the RSL history of Malloch Dome may have been influenced by the persistence of a local ice cap that continued to load part of Ellef Ringnes Island after the early Holocene, thereby partially countering rebound within the Innuitian uplift. However, Dyke (1998) and England et al. (2004) reported no discernible effect of the Neoglacial expansion of ice caps on Devon and Ellesmere islands on postglacial emergence curves in those regions (Fig. 1) . Whether postglacial emergence of Malloch Dome reflects non-glacioisostatic factors, such as a reduction in the rate of diapirism during the Holocene, due to disturbances in the lateral gradient of evaporite extrusion, especially in response to prior loading and unloading, is also unknown. Interpretation of the postglacial emergence history of the Ringnes Islands is further complicated by the use of RSL data that are uncorrected for hydroisostatic deformation. Although there is no single or unique correction, hydroisostatic deformation associated with eustatic sea-level rise (~55 m since 10 ka BP) may have influenced the form and response times of the Ringnes Islands RSL curves, particularly at Noice Peninsula and Malloch Dome, where the onset of emergence occurred between 0.6 and 1.4 ka after northern Amund Ringnes Island and Christopher Peninsula.
Isobase maps and the pattern of shoreline delevelling demonstrate that both Amund and Ellef Ringnes islands occupied the northwest radius of the Innuitian uplift, lying at least 50 km inboard of its margin at the time of initial deglaciation (10 ka BP). There is no unequivocal evidence of a local glacioisostatic signature on Amund or Ellef Ringnes islands that can presently be separated from the progressive southeastward shrinkage of the Innuitian uplift throughout the Holocene. This pattern of shoreline delevelling supports earlier reconstructions that maximum Late Wisconsinan ice thickness in the central QEI occurred over Norwegian Bay (Dyke 1998) . Glacial geologic evidence on Devon, Cornwall, and Amund Ringnes islands records divergent ice flow on either side of this uplift axis, reinforcing earlier proposals that, in the central QEI, this axis of maximum ice thickness coincides with the position of an ice divide (cf. Dyke 1998 Dyke , 1999 Lamoureux and England 2000; Atkinson 2003) . The zero isobase which, as Dyke (1998) noted, lies on the proximal side of the crustal forebulge, has migrated -150 km southeast since 10 ka BP, thus explaining the submergence of western Ellef Ringnes Island Due to the scarcity of control points, isobases drawn across the Ringnes Islands provide a provisional reconstruction of the extent and thickness of the northwest IIS, which is otherwise poorly constrained. These record the diminishing thickness of the northwest IIS across the Ringnes Islands, from Norwegian Bay to the Arctic Ocean (Fig. 5) . The continuity of the isobases across Massey Sound is consistent with the glacial geologic evidence that suggests that Massey Sound was fully occupied by grounded ice (≥440 m thick) during the last glaciation (Atkinson 2003) . Similarly, the absence of an isobase embayment across Amund and Ellef Ringnes islands suggests that there was no significant difference between the Late Wisconsinan ice loads of both islands and Hassel Sound, although on this length scale (~35 km), flexural rigidity may be sufficient to conceal such differences. Parallel isobases across Peary Channel would also suggest that this grounded ice extended beyond Massey Sound, although their northward deflection towards Axel Heiberg Island requires that ice thickness was greater on the eastern side of the channel, likely due to the increasing influence of ice flow from Axel Heiberg Island (Fig. 1) . However, in the absence of other islands, there are no control points to confirm the actual isobase pattern over the channels themselves.
The diminution of shoreline gradients and passage of the zero isobase across the Ringnes Islands record the shrinkage of the northwest radius of the Innuitian uplift, concomitant with the southeastward migration of the uplift centre. These data complement those from the southeast radius of the Innuitian uplift, although the isobase maps and pattern of shoreline delevelling presented in this paper indicate that migration of the uplift axis progressed slowly and remained in the poorly constrained region of Graham Island until -6 ka BP (Figs. 2, 5, 6 ). Migration of the uplift centre suggests that ablation of the IIS occurred asymmetrically, likely due to the combined effects of earlier and more rapid retreat of its northwest sector and the proximity of its southeast sector to Baffin Bay, which favoured higher snow accumulation and greater ice thickness (cf. Dyke 1998). The glacial geomorphic and RSL records of the Ringnes Islands document the vulnerability of the northwest IIS, much of which was grounded below sea level, to break up along marine-based margins, in part reinforcing this interpretation (Atkinson 2003) .
